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Introduction 
 
Several years ago, Zakharov and Kuznetsov studied the small amplitude nonlinear ion acoustic waves in a 
magnetized plasma composed of cold ions and hot isothermal electrons. The  Zakharov-Kuznetsov (ZK) 
equation for other physical scenarios has been treated widely in literature. Here we derive Zakharov-
Kuznetsov equation for pair ion plasma in the presence of quantized magnetic field 
 
 
Basic equations 
We consider the propagation of the electrostatic solitons in three component magnetized quantum 
plasmas (electrons, positrons and ions: e-p-I plasmas) in the presence of the external quantized magnetic 
field is directed along the z-axis, i.e., zB ˆ00 B . The normalized dynamic equations for such plasmas are 
governed by the continuity, the momentum-balance and the Poisson equations 
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where  , in  and iv are the electrostatic potential, perturbed density and velocity of the ion and e  is 
electric charge for electron. In equilibrium state, we have epi nnn 000  , where en0 , pn0  and in0  are 
the unperturbed (equilibrium) densities of electrons, positrons and ions, respectively. is Planck constant 
divided by 2  and c is the speed of light in vacuum. iP are pressure of degenerate ion[1, 2] 
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The exchange correlation potential xciV of the plasma particles and is given by[3, 4] 
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where 2*2* / ema eLB   is the Bohr radius and L  is the linear dielectric constant. 
It is usual to simplify the latter expression to the form[5] 
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The last term in the Eq. (2) is Bohm potential, which appears to be due to the tunneling effects in quantum 
plasmas [6]. Usingthe standard procedure proposed by Landau and Lifshitz[7]and Shah et al.[8], the total 
electron number density for a partiallydegenerate plasma can be expressed as 
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where Feci E/   (shows the quantizing magnetic field), FeETT 22/  (is normalized 
temperature)[9]and ep nn 00 / . 
Now we use the following normalized parameters to normalize the basic Eqs. (1)-(6) 
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where e and sC arethe ion Larmor radius and the quantum ion acoustic speed, respectively, 
323
00 3/ FepN   is equilibrium number density for fully degenerate plasma (i.e. for 0T ) and 
3/2
0
22 )3)(2/( NmE iFe   is the ion Fermi energy[9]. 
The normalized equations for the ion quantum fluid in the component form can be described as 
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1. Derivation of the Nonlinear equation 
In order to find the ZK equation for the electrostatic potential in magnetized degenerate quantum 
semiconductor plasmas, we employ the independent stretched variables as [10] 
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where  is a small )10(    expansion parameter characterizing the nonlinearity strength and 0v  is 
the phase velocity of the wave normalized to be determined later. Here ),( zyx lll  is the direction cosine of 
the wave vector along the x (y, z) and 1222  zyx lll . Now by expanding the perturbed quantities about 
their equilibrium values in powers of   as follows and substituting them into Eqs. (8)-(10), 
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one can use the reductive perturbation methodto derive the perturbation expansions. By keeping terms of 
lowest order ( 2/3 ) of the continuity and momentum equations of electrons and ions, we get the 
following equations 
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The linear phase speed of the acoustic wave in quantized dense plasmas,  
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Keeping the next higher order terms, i.e. 2 , 
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Keeping the next higher order terms, i.e. 2/5 , from the continuity and the momentum equations, we have  )( )1()1()1()2()2()2()2(0 xiiXxiTziZzyiYyxiXxiZ vnlnvlvlvlnv  ,        (21) 
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However, the next higher order 2  term of the Poisson equation gives 
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From Eqs.(21)-(25), we obtain after some simplification the ZK equation for acoustic waves in 
magnetized quantum semiconductor e-h-i plasmas in terms of )1(  as follows 
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where the nonlinear coefficient A and the dispersive coefficients B and C are defined as 
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If transforming the independent variables ZYX ,,  and T  into the one variable TMZYX   
where M is the normalized constant speed, by imposing the appropriate boundary conditions (namely as 
 then 0/)1(   , 0/ 2)1(2    and 0/ 3)1(3   ), one may find the steady state 
equation 
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where )/3( AMm   is the maximum amplitude and MCB /)(4   is the width of the soliton in a 
magnetized quantum semiconductor plasma. 
After substituting Eqs. (27) in the amplitude ( m ) and the width ( ) relations i.e. Eq. (28) (the 
coefficients of the ZK equation), one can see the formation of the soliton is possible. From expressions 
(27) can easily note that the external magnetic field can effect only on the width of the soliton and change 
it and the peak of the amplitude does not change with the magnetic field strength. On the other hand, both 
of the amplitude and the width of solitary wave depend on the particles unperturbed number density ratio 
and the exchange correlation effects.  
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